INTRODUCTION
============

*Lasiodiplodia theobromae*, which is a filamentous fungus from the dematiaceous family, is the anamorph of *Botryosphaeria rhodina* and a member of the subphylum Pezizomycotina of Ascomycota.^[@R1]^ It is a common plant pathogen in tropical and subtropical countries, causing rot in corn, yams, citrus, bananas, and other fruits.^[@R1]^ Infections in human are extremely unusual and most frequently involve the eye, primarily the cornea. The first 2 *Lasiodiplodia* keratitis patients were identified in India in 1967.^[@R2]^ Subsequently, reports from Columbia, the Philippines, Florida, other parts of India, Sri Lanka, and other countries have confirmed that this fungus is pathogenic in the human cornea.^[@R1],[@R3]--[@R17]^ Although *L theobromae* is responsible for 0.5% to 9% of keratomycoses in tropical countries,^[@R11],[@R13],[@R15]^ it remains an exceptional etiology of fungal keratitis worldwide since only approximately 47 cases have been described in the literature.^[@R18]^ Additionally, data on treatment options and outcomes are scarce and limited to case reports. Previous studies indicated variable responses to a number of conventional topical and systemic antifungal agents.^[@R1]--[@R5],[@R12],[@R16],[@R18]--[@R20]^ Surgical interventions were necessary in several patients.^[@R4]--[@R5],[@R12],[@R16],[@R18],[@R20]^ Also, despite aggressive therapy, the keratitis occasionally progressed to endophthalmitis or panophthalmitis regardless of underlying conditions.^[@R7],[@R12],[@R16],[@R20]^ Recently, the newer generation triazoles, voriconazole, and posaconazole have been demonstrated to have significantly lower minimum inhibitory concentrations (MIC) against dematiaceous fungi than the older triazoles in vitro.^[@R21],[@R22]^ However, there has been only 1 study evaluating the use of voriconazole to manage a case of infectious keratitis caused by *L theobromae*, in which there was a lack of clinical response to topical voriconazole 1% given alone as first-line therapy, even though in vitro drug sensitivity testing showed a good voriconazole susceptibility profile for this organism.^[@R18]^ Although voriconazole possesses excellent bioavailability and the therapeutic aqueous level can be achieved after topical administration,^[@R23]^ there might be some difficulties in maintaining effective drug concentrations at the site of lesions.^[@R24]^ Therefore, targeted drug delivery in the form of intrastromal and intracameral injection may have a role in treating keratomycosis.^[@R24]--[@R26]^ Nonetheless, to the best of our knowledge, these routes of voriconazole therapy have not been previously employed for treatment of *Lasiodiplodia* keratitis. Herein, we report on the clinical presentation and response of 2 rare cases of *Lasiodiplodia* keratitis to a variety of antifungals including the off-label use of intrastromal and intracameral voriconazole. The study was approved by the ethics committee of Mahidol University School of Medicine and was conducted in accordance with the mandates set forth by the Declaration of Helsinki. Written informed consent was obtained from each individual prior to receiving treatments.

CASE REPORTS
============

Case 1
------

An 85-year-old Thai man presented with progressive pain, redness, tearing, photophobia, and decreased vision of 1-week duration in his right eye after an insect came in contact with the surface of his eye 3 weeks ago. He denied experiencing any other trauma to this eye or having any recent history of ocular infection or surgeries. His review of systems was negative other than the chief complaint. On initial clinical examination, the best-corrected visual acuity (BCVA) was hand motion in the right eye and 20/25 in the left eye. Slit-lamp examination of the right eye revealed conjunctival hyperemia, a peripheral 2- × 3-mm corneal epithelial defect with yellow-white full-thickness stromal infiltration, locating at 6 to 7 o'clock, 1-mm from limbus, multiple paracentral anterior 1/3 stromal infiltrates with feathery edges and satellite lesions, measuring 0.5 to 1.5 mm in diameter, and moderate anterior chamber reaction. There was evidence of brown pigmentation on the peripheral lesion. No corneal foreign body was seen. The left eye examination was normal.

Corneal scrapings were performed for standard microbiological investigations. Potassium hydroxide (KOH) wet mount showed septate broad brown hyphae. Following this, intensive topical treatment was started with 0.3% amphotericin B and 5% natamycin every hour. Itraconazole was given as 100 mg orally twice a day. Epithelial debridement was performed on all lesions with intact epithelium while the patient was on amphotericin B and natamycin eye drops. Five days later, the peripheral lesion became worse, forming a stromal abscess, and the new satellite lesions appeared near the old paracentral ones. A *Lasiodiplodia* species was isolated and subsequently identified by microscopic and morphological features as *L theobromae* based on Sabouraud glucose neopeptone agar. Polymerase chain reaction (PCR)--based DNA sequencing technique was not used in this case owing to the unavailability of the equipment at that time. Natamycin was then replaced by topical voriconazole 1% eye drops (VFEND; Pfizer, New York, NY). Topical amphotericin B was continued along with topical voriconazole. Two weeks after admission, the superficial paracentral lesions noticeably improved and scarred over, but the peripheral ulcer and stromal abscess remained dense and enlarged, and endothelial plaque was noted (Figure [1](#F1){ref-type="fig"}A). Oral voriconazole was declined by the patient due to financial constraints. After informed consent was obtained, the patient received intrastromal injection of voriconazole (VFEND) (50 μg/0.1 mL) with a 30-g needle around the active peripheral lesion. The amount of drug injected intrastromally ranged from 0.075 to 0.1 mL. The 0.1 mL of voriconazole (50 μg/0.1 mL) was also administered intracamerally. Preparation and technique of intrastromal and intracameral voriconazole are described elsewhere.^[@R24]--[@R25],[@R27]^ Topical therapy was still continued. Two days postinjection, there was a significant reduction in the size and density of the infiltration. Both injections were repeated every 48 hours, depending on clinical response, until the disease was well controlled. A total of 6 double injections were performed because of slow resolution of the stromal abscess and endothelial plaque (Figure [1](#F1){ref-type="fig"}B and C). No intraoperative or postoperative complications were observed. The lesion much improved and topical antifungals were tapered off in frequency over the next 4 weeks. The infection resolved completely and his BCVA at 3 months after treatment was limited to 20/200 as a result of corneal scarring.

![Slit-lamp photograph demonstrating superficial paracentral healed ulcers, active peripheral corneal ulcer measuring 2.4 × 3.2 mm, with dense stromal abscess, and endothelial plaque (A). A significant reduction in the size and density of the infiltration and stromal abscess is observed after the first and second injections of intrastromal and intracameral voriconazole respectively (B and C).](medi-94-e541-g001){#F1}

Case 2
------

A 53-year-old Cambodian woman was referred to our department for a recalcitrant fungal keratitis. The patient reported having sustained injury to her right eye by a wooden particle 2 weeks prior to the onset of symptoms. She first went to a private eye hospital where an infectious corneal ulcer was diagnosed and the initial microbiological workup was done. The corneal scraping revealed refractile hyphae with septate branching filaments on a 10% KOH smear preparation. The patient was prescribed topical 1% voriconazole and 0.3% amphotericin B hourly around the clock, and oral itraconazole 100 mg twice daily. Blurred vision with eye pain persisted and infection became aggressive despite eyedrop application. The patient was then referred to our department for further evaluation. At presentation, the BCVA of the affected eye was hand motion. Slit-lamp examination showed an extensive, dense, full-thickness infiltration of the cornea from limbus to limbus, a large corneal epithelial defect, and several fungal balls in the anterior chamber with nearly total hypopyon. Intraocular pressure (IOP) estimated with digital palpation was roughly 30 mm Hg. Because the ulcer was very severe and did not respond to treatment, the therapeutic keratoplasty was performed in a limbus-to-limbus fashion using a preserved donor cornea. As there was a shortage of donor corneas in Thailand, a fresh donor cornea was waited for a week and still not available, and the clinical signs rapidly worsened with resultant impending perforation of the cornea during waiting period. Thus, we decided to use the donor tissue for tectonic use for therapeutic keratoplasty. The graft size was 11 × 12 mm. The scleral involvement was fortunately not noticed during surgery. The fungal balls and the fibrinoid membrane on the iris surface and the pupil area were carefully removed. Intracameral voriconazole injection (50 μg/0.1 mL) was also carried out at the end of surgery. The corneal button was sent for microbiological and histological examinations.

*L theobromae* was identified based on cultures with Sabouraud glucose neopeptone agar, lactophenol cotton blue mount, and PCR-based DNA sequencing technique using the small subunit region (18S ribosomal DNA). The corneal tissue also revealed numerous, septate, highly bulged fungal filaments involving full corneal thickness in the corresponding histopathology specimens, confirming the diagnosis of *Lasiodiplodia* keratitis.

Postoperatively, hourly application of 1% voriconazole and 0.3% amphotericin B were continued for 1 week and then gradually tapered. The patient was not given any topical or oral corticosteroids following therapeutic keratoplasty. Three weeks after surgery, despite ongoing therapy with 1% voriconazole and 0.3% amphotericin every 2 hours, localized, deep stromal infiltrates in the inferior 1/4 of the corneal graft, endothelial plaques, and a 2-mm hypopyon developed (Figure [2](#F2){ref-type="fig"}), indicating a recurrent infection. At this point, the doses were increased to 1% voriconazole and 0.3% amphotericin B every hour and intracameral injections of 100 μg/0.1 mL voriconazole every other day were added to the regimen. The patient received totally 3 injections. Within 1 week, the hypopyon disappeared and a marked decrease in the size and intensity of the stromal infiltrate and endothelium plaque was appreciated with intense corneal vascularization. The infection finally resolved and her BCVA at 1 month after treatment was limited to counting fingers due to corneal graft edema.

![Slit-lamp photograph showing localized, deep stromal infiltrates in the inferior 1/4 of the corneal graft, endothelial plaques, and a 2-mm hypopyon, indicating a recurrent infection.](medi-94-e541-g002){#F2}

DISCUSSION
==========

*L theobromae* is an uncommon cause of infectious keratitis. Although one of the major causes of blindness in Thailand is corneal infection and the prevalence of fungal keratitis is high, no ocular infections caused by this organism have been reported in Thailand. *Lasiodiplodia* keratitis in our patients was associated with agricultural trauma, which was similar to the predisposing factor of injury to the cornea by vegetable material in previous case reports.^[@R16],[@R18]^ The other specific risk factors, including contact lens wear, chronic ocular surface disease, prior use of topical corticosteroids, ocular surgery, or diabetes mellitus, were not observed in the patients. The clinical features and severity of our 2 patients were different, varying from small to large ulcer, superficial to deep stromal keratitis with corneal abscess, endothelial plaque, or anterior chamber involvement. These are possibly depending on the time interval between trauma and the onset of symptoms, the size of inoculums, and host resistance. The initial presentation of our patients was consistent with the typical features of fungal keratitis, though the onset and clinical course of the disease were not classically slow and relatively indolent. Conversely, *Lasiodiplodia* keratitis seemed to be acute, causing a very severe type of keratitis clinically, similar to the results of a prior report.^[@R28]^ Additionally, despite being a dematiaceous fungus, clinical pigmentation was only noted in case 1. This was not surprising because a previous large study of dematiaceous keratitis in India found that the characteristic macroscopic pigmentation was seen in only 27% of cases in which pigmented fungi were isolated.^[@R14]^ All our patients experienced unacceptable outcomes with topical contemporary antifungal agents. Case 1 failed combined topical amphotericin B, natamycin, and oral itraconazole therapy. The patient partially responded to topical voriconazole and amphotericin B eye drops, eventually resolving with a combination of intrastromal and intracameral voriconazole injections. Case 2 failed topical amphotericin B, voriconazole, and oral itraconazole, but was successfully treated with therapeutic penetrating keratoplasty, multiple intracameral voriconazole injections, and topical voriconazole and amphotericin B combination therapy.

Although favorable results have been reported in patients with *Lasiodiplodia* keratitis receiving topical amphotericin B and natamycin,^[@R5]^ most of previous published studies revealed that therapy for keratitis due to this organism is often challenging.^[@R1],[@R5],[@R12],[@R16],[@R18]^ Interindividual variations in drug response might be partly related to the virulence factors of this fungus, differences in the severity of initial presentation among patients, and delay in making the correct diagnosis. Also, owing to the infrequent occurrence of this infection, only limited information concerning the in vitro antifungal susceptibility of *L theobromae* is available. Natamycin, amphotericin B, and voriconazole exhibited good in vitro activity against this organism.^[@R1],[@R18]^ However, *L theobromae* was resistant to miconazole, ketoconazole, itraconazole, econazole, and fluconazole in vitro.^[@R1],[@R18]^ Nevertheless, the validity of the methods used to derive these data, as well as the relevance of these data to the clinical use of natamycin, amphotericin B, and voriconazole which is given topically, is a controversial issue.^[@R1]^ The relative in vivo resistance to natamycin, amphotericin B, and voriconazole in our patients particularly case 2 is comparable to the results of the previously reported cases and highlights the common lack of correspondence of in vitro and clinical sensitivity data for fungi.^[@R5],[@R12],[@R16],[@R18]^

Similar to other mycotic keratitis involving deeper corneal layers, *Lasiodiplodia* keratitis appeared to be difficult to treat chiefly because of fungistatic activity, poor corneal penetration, and narrow spectrum of most traditional antifungal drugs. Voriconazole is a new-generation triazole that has demonstrated effectiveness against fungal keratitis caused by a broad range of fungal pathogens.^[@R23],[@R29]^ With topical administration, voriconazole showed excellent penetration through the cornea into the aqueous humor, without compromising intraocular safety.^[@R29]^ Superficial keratitis that responded well to topical voriconazole in the first case suggests that voriconazole may overcome *Lasiodiplodia* keratitis. Nonetheless, maintaining sufficient local drug levels in cornea might not be achieved for the deep-seated lesions. Hence, alternate routes including intrastromal and intracameral injections of voriconazole were undertaken in order to have adequate drug concentration at the site of infection. Numerous studies have investigated the effect of targeted drug deliveries using intrastromal or intracameral injections of this potent drug and found that these less invasive surgical modalities were safe, very effective, and well tolerated, and proved to be significant in improving visual prognosis.^[@R24]--[@R27]^ In our series, intrastromal and intracameral injections of 50 μg/0.1 mL voriconazole, and intracameral injections of 100 μg/0.1 mL voriconazole every 48 hours were shown to be efficient in eradicating *L theobromae* with no adverse events during the follow-up period in case 1 and 2, respectively. We did not try intrastromal injection in case 2 since the cornea was totally infected and there was no normal clear cornea left.

The appropriate dosage and frequency of injection have yet to be determined. The schedules and doses of injections administered in this study were selected based on earlier studies.^[@R24]--[@R27]^ Aqueous humor concentration of voriconazole have been reported to decline rapidly after topical or intracameral injection and elimination of voriconazole after intracameral injection exhibited an exponential decay with a half-life of 22 minutes in rabbit eyes.^[@R30]^ Despite unknown pharmacodynamics of intrastromal voriconazole, these findings indicate that a sufficient level of voriconazole in the corneal stroma may not last long after injection. Leakage of drug from the stroma to the epithelial side could also reduce the amount of voriconazole after the injection.^[@R31]^ Consequently, frequent supplementation of intrastromal and intracameral voriconazole may be required in clinical settings. Fortunately, drug elimination seemed to be slower in humans than in rabbits.^[@R30]^ Elimination of voriconazole from serum has been reported to involve a half-life of 2.5 to 3 hours in rabbits, versus 6.5 hours in humans.^[@R32]^ Moreover, voriconazole has a low MIC value of 1 μg/mL against *L theobromae*.^[@R18]^ Accordingly, the intracorneal or aqueous levels might exceed the MIC of voriconazole to this organism for more than a few hours. This drug also shows non-concentration-dependent pharmacodynamic characteristics in vitro, suggesting that maximizing the exposure duration of a fungus to voriconazole would optimize the fungistatic activity of this medication.^[@R27],[@R33]^ Furthermore, topically administered voriconazole penetrates well into the anterior chamber through the cornea.^[@R34]^ Although intrastromal and/or intracameral injections were used, topical voriconazole was not withdrawn in both cases. Therefore, the success in our patients who received injections simply every other day might be attributed to the effects of combined topical and intrastromal/intracameral application which prolonged the therapeutic levels of voriconazole in the corneal stroma and anterior chamber.

On the other hand, some studies found no significant benefit of adding intrastromal voriconazole to topical natamycin for treating refractory fungal keratitis.^[@R31],[@R35]^ However, in our study, intrastromal and intracameral voriconazole was injected in eyes that did not respond well to the combination of topical voriconazole and amphotericin B. Likewise, the other studies with positive and promising results used intrastromal voriconazole in patients failing to topical voriconazole and natamycin.^[@R24],[@R25],[@R36]^ The previous negative outcome studies had different treatment conditions in their studies.^[@R31],[@R35]^ Hence, intrastromal/intracameral injection is probably a worthwhile endeavor for patients with deep mycotic keratitis that are unresponsive to topical antifungal agents before considering a larger more invasive surgery. In addition, the Mycotic Ulcer Treatment Trial Group demonstrated that topical natamycin was superior to topical voriconazole in filamentous keratitis and monotherapy with topical voriconazole could not be recommended for filamentous fungi keratitis, especially Fusarium cases.^[@R37],[@R38]^ These studies included some patients with *Lasiodiplodia* keratitis but did not evaluate subgroup analysis for these patients. To apply their findings to patients with *Lasiodiplodia* keratitis, a combination of topical natamycin and voriconazole could be attempted instead of combined topical amphotericin B and voriconazole.

As for the possible endothelial toxicity of intrastromal and intracameral voriconazole, there were no gross corneal toxicities or changes observed in our patients. Nevertheless, we did not perform any test to analyze morphology and functional integrity of the corneal endothelium. Conflicting views exist regarding the toxicity of voriconazole on corneal endothelial cells. Kernt and Kampik reported that concentrations up to 1000 μg/mL had no influence on human corneal endothelial cell, trabecular meshwork cell, or retinal pigmented epithelium cell proliferation, or on cell viability when administered for 24 hours.^[@R39]^ Meanwhile, Han et al demonstrated that voriconazole might have a dose-dependent cytotoxic effect on cultured human corneal endothelium. Intracameral voriconazole concentrations of ≥100 μg/mL could increase the risk of corneal endothelial damage.^[@R40]^ Nonetheless, the intracameral concentrations of ≤50 μg/mL were shown to be safe in most previous studies.^[@R40]--[@R42]^ In a rabbit model, no evidence of microstructural damage was found after intracameral injection of concentrations of ≤100 μg/0.1 mL (0.1%).^[@R43]^ The difference in types of cell culture, species: human versus animal, exposure time, and environments may, at least in part, account for the different results. Moreover, the results of in vitro experiments cannot be directly translated into in vivo situations for several reasons.^[@R40]^ Through many passages, the phenotypic properties of the cultivated human corneal endothelial cells and their sensitivity to toxic agents can change.^[@R40]^ Natural mechanisms in the anterior chamber protect the corneal endothelium.^[@R40],[@R43]^ Because of metabolism in the intracameral space, the voriconazole concentration conceivably decreases gradually; thus, exposure to sustained high drug concentrations for hours is unlikely in in vivo conditions.^[@R40]^ Therefore, the safe concentration in human anterior chamber may be higher than 50 μg/mL. Intracameral voriconazole injection with the dose of 100 μg/0.1 mL in fungal keratitis patients was shown to be effective and did not induce any significant alteration in human cornea.^[@R27]^ Also, voriconazole was injected safely into the intrastromal layer at a concentration of 50 μg/0.1 mL without obvious evidence of corneal damage.^[@R24]--[@R25],[@R44]^ These support the assumption safety margin of voriconazole could be greater than 50 μg/mL due to the protection mechanisms and drug metabolism.^[@R43]^ However, in cases of deep fungal keratitis, the corneal endothelium would possibly be damaged by fungi and more vulnerable to toxicity caused by voriconazole than normal endothelium, particularly in the elderly, corneal transplant patients, patients with preexisting endothelial disease or compromised endothelium. Lower doses than those expected to be safe for normal cornea might be needed in such cases.

In summary, *Lasiodiplodia* keratitis could present as superficial keratitis, deep keratitis, corneal abscess, endothelial plaque, and fungal balls, and could be associated with hypopyon. Voriconazole appears to have good efficacy in vivo against *L theobromae.* Nevertheless, to ensure the optimal drug level for deep keratomycosis, delivery of voriconazole directly to the site of action might be necessary to increase the drug concentration above minimal inhibitory concentration of the organism. Thus, intrastromal and intracameral voriconazole may be advised as a therapeutic adjunctive for the management of deep recalcitrant *Lasiodiplodia* keratitis in combination with topical treatment. Therapeutic keratoplasty is still beneficial in large severe cases.

Abbreviations: BCVA = best-corrected visual acuity, IOP = intraocular pressure, KOH = potassium hydroxide, MIC = minimum inhibitory concentrations, PCR = polymerase chain reaction.
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